The development of endovascular techniquesdepends on the concomitant development of imaging techniques. imaging with ultrasonography (us), computed tomography (cT) and magnetic resonance imaging (mr) is evolving at rapid pace. angiography has largely been replaced by these techniques as adiagnostic tool in the clinical setting. new methods, e.g., rotational angiography and intravascular ultrasound, will play an important role in endovascular treatment of vascular disease. it is necessary to have easy access to ultrasonography,cTand mr images in future hybrid angiographic/surgical suites and the operator must be able to do advanced immediate reconstructions in asterile environment. The combined use of advanced imaging, open and endovascular techniques will further improve the treatment of vascular disease in the future.
eter and of the condition of the vessel wall requirea complementary CT examination. Contrast-enhanced spiral CT is the main tool for preoperative evaluation and planning beforetreatment with stent graft. With improving methods for reconstructions, such as multiplanar reconstruction (MPR), maximum intensity projection (MIP), shaded surface display (SSD) and volume rendering (VR) reconstruction, all planning considering regular,fenestrated and branched grafts can be done preoperatively ( Fig. 1 ) (1, 2) . Adrawback is that af airly large volume of iodine contrast medium has to be used, which may deteriorate renal function, especially if the patient has renal failure, diabetes or hypotension (3). Hemodynamically unstable patients, as those with aruptured aortic aneurysm, runahigh risk of contrast-induced nephropathy (CIN), if exposed to al arge volume of contrast medium needed for preoperative CT imaging and peroperative angiography (4). CIN carries ar isk of increased morbidity and mortality (5, 6) .
The anatomic image of the preoperative CT cannot, as such, be transferred to the peroperative situation, since the anatomy may change due to insertion of stiffguide wires and the stent graft itself. The peroperative evaluation and the deployment of the stent graft areusually guided by angiography,which provides atwo-dimensional image. If the stent graft is to Ultrasonography (US), computed tomography (CT) and magnetic resonance imaging (MR) areq uickly evolving as diagnostic imaging techniques for open and endovascular treatment of vascular disease. The handling of reconstruction data by computers has become ap rerequisite and cornerstone for endovascular treatment. Spiral CT has evolved as the main method for evaluation of aortic disease. The ideal imaging method for endovascular aortic repair (EVAR) should provide data for diagnosis, for assessment of the vessel diameters, for characterization of the wall of the aorta and iliac arteries and the aneurysmal neck, and for guidance on stent graft deployment.
CURRENT ISSUES
Angiography alone cannot provide all information necessary for EVAR. Assessment of the vessel diam-be placed accurately,itisessential that the X-ray tube is angled in such away that the renal arteries arecorrectly projected. It may be difficult to do this, since the angle in the preoperative CT may be different. Access to CT and MR images with the possibility of advanced reconstruction in the angiological suite during the endovascular procedurei sn ot currently fully developed. Thereisalso aneed to improve the imagingc onditions in the angiological suite with other imaging modalities, e.g., ultrasonography and rotational angiography.
SolUTIoNS
Preoperative evaluation with advanced computer reconstruction is anecessity for modern advanced endovascular treatments. The basic method for this is contrast-enhanced spiral CT with 16 or 64 multi-detector rows. For optimal reconstruction, the recommended slice thickness is 1m m. Advanced reconstruction techniques aren ecessary for planning and sizing of all stent grafts. The central line technique allows accurate length measurements, also of very tortuous segments,w hichi se specially important when proximal and distal landing zones aree valuated ( Fig. 2 ). However,a st he data from the preoperative CT cannot be exactly transferred to the peroperative situation with placement of stiffg uide wires that straighten the tortuous segments, therei sr oom for improvement of the peroperative methods and of conventional angiography.Apatient with ruptured aneurysm and hypotension is at increased risk of CIN, if large volumes of contrast media areu sed in the acute setting. That will be the case if both acon- 
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trast enhanced preoperative CT and peroperative angiography aredone for acute EVAR placement (7).
As imaging techniques and processes develop they need to become integrated into the angiologic suite. Parallel to this development it is important to design suites whereadvanced endo-and open vascular procedures can be performed in combination. In this advanced environment, the operator,dressed in sterile gowns, needs access to the CT and MR images with reconstructive capabilities. other imaging methods for pre-and peroperative evaluation that could be included in such as uite arer otational angiography and ultrasonography with probes for conventional, intraoperative and intravascular ultrasound (IVUS) (Fig. 3) .
In the rotational angiography technique, the X-ray tube rotates around the patient in asimilar fashion as in aC T, while contrast media is injected into the artery to be imaged (8). Athree-dimensional image of the vessel can be reconstructed and the length measured accurately.CT-like images can be reconstructed, as well, to provide information about vessel wall characteristics (e.g., calcifications and thrombosis) and diameter (Fig. 4) . The CT-like images aren ot of the same quality as regular CT images, especially when it comes to soft tissue resolution. However,the method is still in itsinfancy andwill improve in time. The great advantage of rotational angiography is that it can be performed on the angiography table for immediate preoperative evaluation and for examining the presence of any leakage after EVAR. The drawbacks arethat contrast media is still needed and that the images aren ot real-time. The surroundings around the patient on the angiography table must be taken into consideration; theremust be enough space to allow for adequate rotational angiography during and after EVAR.
IVUS is ar eal-time method and may thereforeb e useful in EVAR. Conventional IVUS uses ac ircular probe which facilitates evaluation of the vessel wall and identification of the origin of the branches such as renal arteries. length may be measured with a pull-back technique. The probe is mainly used for smaller vessels and has limited penetration in larger vessels for evaluation of vessel wall characteristics. Furthermore, since conventional IVUS lacks Doppler and color-Doppler capabilities, flow cannot be evaluated. An umber of scientific papers have been published discussing its use in EVAR; the opinion regarding its value is divided (9, 10, 11, 12) .
An ew phased-array intravascular ultrasound probe with Doppler and color-Doppler capabilities (AcuNav ® ,S iemens, Mountain View,C A) has been developed mainly for intracardiac use (Fig. 5) (13) . It provides both anatomic and physiologic data with good penetration. (14) . The probe may also be useful for evaluating larger vessel, e.g., the aorta, and during stent graft procedures. So far thereisonly limited experience in using this probe during EVAR and apparently therea re no published data. We have used this probe in 15 EVAR procedures and found it valuable. The probe has adiameter of 10 or 8Frand scanning is possible through an introducer sheath. The 64-element transducer (5-10 MHz) has at issue penetration ability of up to 15 cm and is mounted on the tip of as teerable catheter 90 cm long. A60c m-long introducer sheath is used to make it possible to maneuver the probe inside the introducer sheath at all times and to avoid the risk of vascular trauma. The phased-array elements of the probe have acharacteristic fluoroscopic appearance that allows determination of the exact position and direction of the probe. The elements appear as as harp line either on the right or left side of the probe depending on their po-sition in frontal plane (Fig. 6) , whereas in the sagittal plane they appear as arectangular radio-opaque objects. The tip of the phased-array elements can be identified simultaneously in the fluoroscopic and in the ultrasonographic image, which provide exact positioning of the object. In frontal view,t he elements in the catheter tip areused as markers for positioning the stent graft. The combined information of the two modalities allows reliable identification of all vessel origins from the aorta and iliac arteries (renal, superior mesenteric, celiac and internal iliac arteries). Color-Doppler facilitates the identification of the branches of the aorta and separating arteries from veins (Fig. 7) . This is most useful when the scan is performed from inside the inferior vena cava (IVC).
our first intention was to scan from the IVC in order to avoid interference with the stent graft procedure, but, despite good penetration of the ultrasound, visualization of the aortic neck,v essel originsa nd iliac arteries was often suboptimal when the probe was positioned in the IVC. This approach was especially difficult in patients who had av ery torturous aortic neck that deviated to the left. The right renal artery was usually clearly visualized, the left less so. length measurement with the "pull-back" technique was also often difficult due to poor visibility and tortuosity.However,with the probe in the arterial side, image quality and resolution weremuch better than with thep robe in the IVC and identification of all vessel origins and length measurements was facilitated. The diameter of the aneurysm neck was determined by positioning the probe at one point, measuring the distance to the arterial wall and then adding the distance to the opposite arterial wall after rotating the probe 180 degrees. The probe was usually positioned against the contralateral wall of the aorta depending on from which side it was inserted and on the angulation of the aortic neck. These measurements agreed with the preoperative CT-examinations and could be used for sizing the stent graft. The "pull-back" technique for length measurement (distance from the renal artery to the aortic bifurcation and site of origin of the internal iliac artery) corresponded well with intraoperative angiography.U se of the color-Doppler facilitated the identification of vessel origins, and color-Doppler was also used for detection of type 1endoleak after stent graft deployment. However, detection was difficult, as the leaking blood flow ran usually parallel to the probe, causing an unfavorable Doppler-angle and signal. It was difficult to visualize type 2endoleak due to movement artifacts within the aneurysmal sac.
Initially,during the learning phase the duration of EVAR was prolonged, but this had no effect on patient outcome. As maneuvering skills improved, and as only an intra-arterial access was used, the duration of the procedurebecame shorter.The use of AcuNav ® combined with fluoroscopy for EVAR was safe and effective and provides high accuracy in terms of stent graft placement and control of the blood flow in the adjacent arteries. This can be of great value in pa-tients with an adverse aortic anatomy,whereidentification of the origin and post-stent graft control of the renal arteries can be difficult. In these circumstances AcuNav ® with the color-Doppler capability can be most helpful. All measurements required for stent graft placing could be obtained and corresponded well with CT and angiography.
The AcuNav ® may be used to examine if therei s intramural thrombusformation in the aorticneckand iliac artery.Atthe same time, the diameter measured by anon-contrast enhanced CT-scans can be verified and makes contrast enhancement unnecessary as part of the work-up of patients who undergo EVAR. In patients being treated for ruptured aortic aneurysm AcuNav ® might be most helpful in reducing the amount of contrast media needed thus making EVAR safer.Anon contrast-enhanced CT-scan can verify the diagnosis and provide diameter measurements. During the stent graft procedureAcuNav ® can be used to identify the renal arteries, to evaluate the aortic neck and to facilitate accurate measurements for sizing of the stent grafts. After stent graft deployment, the renal arteries can be inspected with regardtoany blood flow impairment. Aconsiderable reduction in the use of iodinated contrast media reduces the risk of postoperativerenalfailure. For patients withhypersensitivity to iodine-containing contrast media, this method might be an alternative.
CoNClUSIoN
The futureo ft he imaging needed for managing abdominal aortic aneurysms is interconnected with the development of acombined angiographic/operation suite with an integrated imaging equipment, such as angiography,r otational angiography and ultrasonography.A ll these equipments should be maneuverable in as terile environment. It is also necessary to have easy access to CT and MR images and the operator must be able to do advanced immediate reconstructions in asterile environment.
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